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This invention relates generally to a remotely controlled
radio communication system, and more particularly to
a system for obtaining at a central point data from re-
mote points through radio equipment which includes a
base station which communicates directly or through a
relay station to data stations at the remote points, with
all the equipment being controlled from the central point.

There are many applications in which it is desired to
collect and coordinate data at a central point which ori-
ginates from one or more remote points. In some in-
stances the remote points may be relatively inaccessible
so that it is desirable to provide data transmitting equip-
ment at these points which is small and lightweight and
can therefore ‘be easily transported to such a point, and
which includes its cwn power source. Further, it is de-
sired that such equipment can be controlled remotely so
that there is. no requirement for operators at the remote
points. Communication to and from the data stations
may be provided from a base station over radio channels.
However, the distances involved may be such that re-
liable low power communication cannot be obtained
without the aid of one or more intermediate relay sta-
tions. Any such intermediate stations should also be
compact and include their own power supplies, and should
be subject to control without an attendant at the relay
station.

In order to control the equipment and obtain the de-
sired data at a location where it can be studied and used,
it may be desired to provide control of the system at a
control rocm remote from the base station. In such
case it is desirable that the interconnection between the
control room and the base station be as simple as possible
to reduce the cost, while still providing complete control
of the base station, the data stations and the intermediate
relay stations, if any.

It is therefore an object of the present invention to
provide a simple and flexible radio communication sys-
tem for selectively obtaining at a control station. infor-
mafion from a plurality of remote data stations.

A further object is to provide such a system in which
individual data stations may be selected from the control
station and particular information called for from the
selected station.

A still further object of this invention is to provide
a communication system including unattended remote re-
lay and data stations which are energized only intermit-
tently to conserve power, and which are held energized
in response to particular signals received thereby.

Another object of the invention is to provide a radio
data collecting system including a base station; at least
one relay station and a plurality of data stations, which
system may be controlled by an operator at a control
room connected to the base station over a single con-
ductor pair.

A feature of this invention is the provision of a radio
communication system for providing communication be-
tween a base station and a plurality of remote stations
wherein signals transmitted by the base station includes
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modulation identifying individual remote stations and
each remote station is energized in response to receipt of
a signal including its identifying modulation. The remote
stations may be intermittently energized to check or
sample to see if the particular signal is received. The
station identifying signal may be a subcarrier wave am-
plitude modulated with a particular tone for identifying
a particular station.

A further feature of this invention is the provision of
a radio system for obtaining information from remote
stations at a control point, wherein a signal transmitted
to the remote station is modulated by pulses, with dif-
ferent numbers of pulses identifying various different
items of data which it is desired to obtain. This may be
provided by interruption of the transmitted subcarrier
wave by a dial.

Another feature of this invention is the provision of a
remotely controlled radio system including a base sta-
tion connected to the control room by a single channel
such as a wire line, in which the base station communi-
cates by radio with remote data stations and may utilize
intermediate radic relay stations. The base station
equipment may be controlled by the application of direct
current potentials over the wire line, and the data sta-
tions and relay stations are controlled by the applica-
tion of a subcarrier wave and/or modulating tones which
provide control operations thereat. At the relay stations,
the reception of the subcarrier wave causes an intermit-
tently operated receiver to be continuously operated and
the reception of various tones switches one item of equip-
ment, such as a transmitter -or receiver, for another to
provide continuing operation of the system in the event
of equipment failure.

Further objects, features and the attending advantages
of the invention will be apparent from a consideration of
the following description when taken in connection with
the accompanying drawings, in which:

Fig. 1 is a block diagram of the overall data collecting
radio communication system;

Fig. 2 is a chart illustrating the operation of the
system;

Fig. 3 illustrates in more detail the equipment at the
control station;

Fig. 4 illustrates the equipment at a base station;

Fig. 5 illustrates the equipment at a relay station; and

Fig. 6 illustrates the equipment at a data station.

In practicing the invention there is provided a system
for obtaining information at a control point from a plu-
rality of unattended remote data stations. Communica-
ticn is provided from the control point to a base station
over a single communication channel such as a wire line.
The base station includes a radic transmitter and a radio
receiver for communication with the data stations either
directly or through relay stations. A subcarrier wave is
generated at the control point and may be modulated
by one of a plurality of different tones and applied to the
base station for transmission over the radio transmitter.
The relay stations include receivers intermittently operated
which are locked in energized condition upon receipt of
the subcarrier wave and are held energized by the con-
tinued reception of a carrier wave. The data stations
similarly may be intermittently energized and held ener-
gized upon receipt of a-carrier wave including a subcarrier
wave modulated by the tone identifying a particular sta-
tion. The data stations may include various data measur-
ing equipment to indicate conditions such as temperature
or pressure at the remote point. To select a particular
item, the subcarrier wave criginating at the control point
may be further modulated by a number of pulses which
operate at the data station to select one equipment and
apply information therefrom to the data station trans-
mitter. Signals from the data station transmitter are re-
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layed by the relay station and received at the base sta-
tion, with the information being applied through the
communication channel to the control pomt at whlch the
data may be considered.

A second base station may be prov1ded to insure con-
tinued operation in the event of failure of the first station.
Further, the relay stations may include alternate equip-

4

the loudspeaker 43, and the second coupled to the data

<t

ment which may be selectively connected so that any .
item of equipment may be substituted in the event of ~

failure of another item. Selection of base stations and
of equipment at the relay stations may be controlled from
the central control point by the use of control signals
which may include direct currents and tone modulation
to the subcarrier wave. The base station may be ar-
ranged for operation at a plurality of different frequencies
and a plurality of relay stations may be provided for
operation at the different frequencies. In such a system
a plurality of data stations may be provided for each
frequency to thereby increase the number of stations
which can be monitored by the system. The frequency
can also be controlled at the central station.

Referring now to the drawings, in Fig. 1 the overall
system is shown in block diagram form. There is shown
a control station, first and second base stations, first and
second relay stations and a plurality of data stations. In
some instances the control station and the base stations
may be at the same location at a central point. How-
ever, if it is desired to place the control staticn at a
different location, the control station may be connected
to each base station by a single pair wire line.

The base station includes a transmitter 30 which is
arranged to operate on either of two different frequen-
cies. Receivers 31 and 32 are provided which also op-
erate on two . different frequencies. The second base
station may beé substantially identical to the first base
station and is provided so that operation of the system
may be continued in the event of the failure of a com-
ponent of the first base station. That is, the base sta-
tions are not used at the same time but the second base
station serves as a spare in the event of failure of the
first.

The entire system is controlled by the control station
which includes a control unit 35 for controlling the amptli-
fier 42 coupled to the base station. An oscillator 36 is
provided for producing a subcarrier wave which may be
in the middle andio frequency range such as 2 to 6 kilc-
cycles, The wave from the oscillator may be modulated
by tones produced by tome generators 37 which are
selectively applied to the unit 36 by push button switches
38. Either amplitude or frequency modulation of the
subcarrier wave may be used. The wave from the oscil-
lator is applied to the amplifier 42, and may also be
modulated by pulses from dial 39. Actually the dial is
illustrated as an interrupter to cut cut the subcarrier wave
but alternatively could be used to shift its operating fre-
quency. A timer 40 is provided which may be started
by the push button switches 38 to control the length of a
transmission. That ‘is, the push buttons in addition to
selecting a tone may initiate operation of a system to
transmit the subcarrier wave modulated by the tone.

For controlling the base stations, a selector 41 is pro-
vided to control the signals applied to the base stations
for selecting a particular base station, and for controlling

_the frequency of transmission therefrom. Although
various types of control signals may be used, in the appa-
ratus illustrated direct current potentials varying in
amplitude and polarity are provided. This control op-
erates relay. 33 at the base station to condition the trans-
mitter for operation on one frequency or the other and
also to select the proper receiver, and to connect the
selected components to the antenna 34. The amplifier
42 amplifies signals applied to the base stations and also
signals received at the control station from the base sta-
tions. This amplifier has two outputs; one coupled to
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recording equipment 44.

Each relay station may include two receivers 50 and
51 designated receiver A and receiver B, and two trans-
mitters 52 and 53 designated transmitter A and trans-
mitter B. These receivers and transmitters are con-
nected so that signals received by either receiver may be
re-transmitted by either transmitter. The receivers both
operate on the same frequency and are provided to serve
as spares for each other.  Similarly, the - transmiiters
may be identical and serve as spares for each other.
The receivers and transmitters are selectively connected
by control units 54 and 55 controlled by tones selected
at the control station.

The relay station receivers are normally intermittently
energized through timers in the control units which op-
erate to energize the receivers for short recurring periods
stich as two seconds out of every twenty seconds. Coupled
to the timers are lock circuits which may cause a re-
ceiver to be continuously energized. The lock circuits
are connected to the output of the receivers and are
initially operated.in response to the reception of the sub-
carrier wave “by the momentarily energized receiver.
The lock circuits are also connected to the squelch cir-
cuits of the receivers so that as long as a carrier is being
received, the receiver will remain energized. This cir-
cuit also provides a small delay so that if the carrier is
1nterrupted for a short period such as ten seconds, the
receiver will remain energized.

The relay station No. 2 may be identical to relay sta-
tion No. 1 except that the receivers and transmitters op-
erate on different frequencies. The receivers of relay
No. 1 may be tuned to the frequency No. 1 of the base
station transmitters, and the receivers -of relay No. 2
may be tuned to the frequency No. 2 of the base station
transmitters.

The data stations which are provided at different re-
mote locations may be arranged to communicate with
either relay station No. 1 or No. 2. Data stations 11,
12 and 13, for example, may have receivers and trais-
mitters operating at frequency for communicating with
the receivers and transmitters of relay station No. 1.
Data stations 21, 22 and 23 may have frequencies for
communicating with relay station No. 2. Each data
station includes a receiver 60, a transmitter 61, and a
timer 62. The timer 62.is similar to the timer 55 of the
relay stations and causes the receiver to be operated in-
termittently for short intervals such as twe seconds out
of every twenty seconds. A tone selector 63 is provided
and coupled to the output of the receiver so that when
a signal is received including the subcarrier wave modu-
lated by a particular tone, the tome selector will cause
the control unit 66 to hold the receiver energized for a
period of two minutes.

Each data station also includes a pulse selector 64
coupled to the receiver 60, which responds to the inter-
ruptions of the subcarrier wave produced by the dial 39
at the control station to select a particular data measur-
ing device 65 at the data station. A plurality of data
measuring devices may be provided at each station for
measuring any desired quantities, such as temperature
and pressure, and these devices produce signals which
represent the measurement. These signals are in the
form of audio tones which may be transmitted over the
radio system. The selector 64 causes the control unit
66 to connect one of the devices 65 to the transmitter
61 so that the signals are transmitted therefrom to the
relay station, being relayed from the relay station to the
base station. Signals from the base station are then
applied to the control station and are recorded on the
equipment 44 thereat.

It is therefore seen that the system provides complete

- control from the control station so that either base sta-

tion No. 1 or No. 2 may be energized and the energized
station may operate on either frequency No. 1 or No. 2..
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The selection of frequency causes automatic selection
of a elay station and of a group of data stations which
operate with this frequency. The control station can
further select either receiver or transmitter at the relay
station by the transmission of a particular tone as modu-
lation of the subcarrier wave. - After one group of data
stations is selected by the selection of a carrier frequency,
an individual station in the group may be selected by
the connection of a particular tone generator. Then, a
particular data measuring device can be picked out at
the selected station by dialing the number associated with
the particular device. As previously stated, the relay
and data stations are energized only intermittently so
that these stations which may be located at remote in-
accessible points consuiie a minimum amount of energy.
The control station includes a timer for autematically
applyinig transmission for the fime required to energize a
relay station and the selected data station so that the
desired information can be selected and transmitted back
to the control station.

The operation of the system is illustrated in Fig. 2
wherein the top of the chart shows the operation at the
base station, the middle part shows the operation at the
relay, and the lower part shows the operation at the
data stations. The pulses 70 indicate the sampling action
at the relay station, that is, the energization of the re-
ceiver thereat for two seconds during each twenty-second
interval. The pulses 71 similarly represent the sampling
at the data stations. The wave 72 indicates the modula-
tion of the subcarrier wave transmitted from the base
station. This transmission is shown starting at time a
after the first pulse 70 so that the relay does not lock
in until the second pulse 7¢ comes along at which time b
the modulated subcarrier wave 72 will be received and
cause prolonged energization of the relay station. This
relay station will remain on as long as a carrier wave is
received. The data station will not be energized until
it receives the signal from the relay station so that it
will not be energized until time ¢. Accordingly, it may
require a total of 40 seconds for both the relay and the
data station to be énergized if the sampling actions there-
at are staggered so that a full interval is required in
each case. When the data station is energized, the timer
at' this station causes the same to remain energized for
two minutes.

In order to assure that both the relay and data stations
are energized, a timer at the control station causes trans-
mission of the modulated subcarrier wave for at least
40 seconds. After this 40-second interval, an indication
appears at the control station that the selected data sta-
tion is ready to receive a -query for a particular piece
of information. Accordingly, at time d, which is at
ieast 40 seconds later than time g, the dial at the control
station may be operated to puise the carrier wave as
shown at 73. Shortly after the dial returns at time e,
the transmitter at the base station is deenergized and
the receiver thereat is energized. After the pulses have
been received by the data station, the receiver at the
data station is de-energized and the transmitter thereof
is energized. This occurs substantially simultaneously
with the de-energization of the transmitter and energiza-
tion of the receiver at the base station, at time e. Al-
though there may be a slight interval after the transmis-
sion at the base station stops before transmission at the
data station staris, the relay station will remain ener-
gized as the circuits thereat are arranged to hold the
station energized in the absence of a carrier wave for a
Accordingly, from the peried e to
the period f while the data station is transmitting, the
relay station will be held energized by the carrier wave
originating from the data station. . During this period the
signal trensmitted from the data station will be relayed
and received at the base station where the signal is ap-
plied toc the control station for recording.

At the end of the transmission from a data station,
the timer at this station will be re-set to provide a further
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two minutes of operation: Accordingly, if further in-
formation is réquired from this same data station, it is
merely necessary to re-seléct the station without waiting
for the forty-second interval since the relay and data
stations are already energized. A delay of five seconds
is requifed so that the equipment at thé data station
restores itself for a second program selection. Accord-
ingly, if the switch for selecting the data station is
operated and then a second program is dialed, the re-
quired measuring device at the data station will be
connected and signals ‘therefrom transmitted back to the
base station.

The period from f to g (Fig. 2) represents the interval
after completion of the first transmission before the sta-
tion is again selected. After a short period, the carrier
may be pulsed as shown at 74, and then at time /i the
transmitter at the base station cuts off and the receiver
is energized. At the same time the data station receiver
is de-energized and the transmitter thereat is energized.
If after this second program no further program is called
for, the relay station will be de-energized after a period
of ten seconds and start sampling. The data station will
be re-set for a further two-minute interval after which
its receiver is de-energized and the sampling operation
will continue. It will be apparent that the relay station
is held energized alternately by the base station and the
data station as the stations alternately transmit. If the
delay in calling for a second program is sufficient that
the relay station drops out, it will be necessary to wait
after selecting a station for a sufficient interval to be sure
that the relay station is energized. The data station re-
mains energized for a period of two minutes as previously
described. )

Reference is made to Fig. 3 which shows more spe-
cifically the equipment at the confrol station.  To initiate
operation of the system a push button 38 is depressed
which includes contacts 80, 81 and 82 for providing con-
trol of the system and contacts 83 for connecting one
of the tone generators to the oscillator and modulator
chassis 36. The contact 80 provides a ground connec-
tion to the coil of relay 99 for energizing this coil. This
relay includes contacts 91 which apply a ground to the
coils of relay 100 and 110. The contacts 92 of relay
8¢ energize the motor of timer 95 and the contacts 93
close a circuit through contacts 96 of the timer 95 to
the red indicator light 97.

The relays 100 and 110 change the control system
from receiving to transmitting condition. Relay 110
changes the connections of the amplifier 42, and relay
160 provides the other changes in connections required
in the system. The amiplifier 42 includes the tubes 128,
123, 122 and 123, with signals being applied to the am-
piifier through transformer %27 and derived therefrom
through transformer 126. Tube 123 provides a separate
output when receiving for the loudspeaker 123.

Switch 146 changes the input and output connections
from the control station so that connection is made either
to base station No. 1 or base station No. 2. As shown,
connection is established through contacts 141 and 142
to terminals 131 and 132 connected to base station No. 1.
When the switch $40 is in its other position, connection
will be made to terminals 133 and 134 connected to base
station No. 2. Switch 150 provides the various direct
current potentials to the ledds as will be described more
in detail.

Considering now the operation of relay 110, in the
position shown connections are established from base
station No. 1 through switches 140 and 150 and contacts
111 and 123 of the relay 110 to the input transformer
127 of the amplifier 42. The output from the transformer
126 is applied through contacts 115 and 117 of relay
116 to terminals 135 and 136 connected to the recording
instruments. Accordingly, in the receiving position the
signals from the base station are amplified and applied
to the recording instrument. These signals are also
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applied from the amplifier stage 123 to the loudspeaker
128. When relay 110 is actuated for transmission, the
modulating apparatus 36 is connected to the input- of the
amplifier 42 through contacts 112 and 114 of the relay
110, as will be described more in detail. The output of
the amplifier from transformer 126 is then applied
through  contacts 116 and 118 and through switches
140 and 150 to the base stations.

Operation of relay 100 changes the coupling between
‘tubes 121 and 122 from the potentiometer 108 to the
potentiometer 109.  These potentiometers provide sep-
arate level controls for the amplifier when wused for re-
ceiving and transmitting. . Contact 104 is broken by
-energization of relay 100 to break the direct current con-
nection between windings 124 and 125 of the transformer
126 so that direct current may be applied thereto through
the contact 103. Contact 105 energizes the indicator
light 98 so that it is apparent that the equipment is in
transmitting condition. Contact 106 breaks the connec-
tion to the loud speaker 128 so that it will not operate
during transmission from the control statiom. . .

As previously stated, operation of the push button 38
closes contact 83 thereof to connect one tone generator
37 to the oscillator and modulator '36. - The tone gen-
erators 37 are continuously operating and the signals
therefrom are selectively applied through the push button
switches 38. The signal is amplified in the amplifier
section 168. The subcarrier generator 161 is an oscil-
lator which generates a relatively high audio frequency
such as 6 kilocycles. The output of the amplifier 160
and oscillator 161 are both applied to the modulator 162
which amplitude modulates the subcarrier wave by the
tone producing the modulated output at the transformer
"163. . As previously stated, this output is applied through
the contacts 112 and 114 to the input of the amplifier 42
when the relay 110 is energized. It is therefore seen
that by operation of the push button switch 38 the sub-
carrier wave will be modulated by the particular tone and
connections will be made to apply this modulated wave
amplified by the amplifier 42 to the terminals connected
to the base station No. 1. It will be apparent that when
the station selector switch 14¢ is in the No. 2 position,
the connection will be made to terminals 133 and 134
connected to base station No. 2.

The modulated subcarrier wave is transmitted for a
40-second interval at which time the timer 95 breaks
contacts 96 so that the red light is turned off. This in-
dicates that the relay and data stations are now locked
on. The program desired may now be dialed, and this
may be accomplished by the standard telephone type
dial 165. The dial includes contacts 166 which interrupt
the connection from the transformer 163 to the contacts
112. As the dial is removed away from this normal po-
sition, contacts 167 thereof are closed to provide a ground
for the coil of relay 170. ‘

Contacts 171 of relay 176 complete a holding circuit
therefor through the contacts 81 of the push button

switch 38. Contacts 172 are normally closed to connect

the contact 176 of the transmit clear key 175 to the coil
of relay 18¢. However, upon energization of the relay
170, contacts 172 open and contacts 173 close to provide
a circuit to the relay 189 through the contacts 168 of
the normal contact of the dial. Accordingly, when the
dial returns to its normal position, the relay 189 will be
operated. ‘

Contacts 181 of relay 180 close to establish a holding
circuit for the relay 180 through the contacts 82 of the
push button switch 38. Contacts 182 thereof close to
_start operation of the timer 185, and contacts 183 also
close to short the interrupter contacts 166 of the dial
165 so that further modulation of the modulated sub-
carrier wave cannot be accomplished by inadvertent
movement of the dial.

The timer 185 operates to cut off the transmitter which

8

was initially started by the operation of the push button
switch. The timer includes a first disc 186 which op-

. erates to hold the timer energized until a complete cycle
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has taken place. Disc 187 operates to ground the grid
of the second stage of the amplifier 160 so that no mod-
ulation will be applied to the modulator 162. This is
necessary so that -cutting off the transmitter does not
have the effect of an additional pulse of interruption of
the modulated carrier wave. The timer disc 188 operates
to connect condenser 189, which has been charged
through the contacts held closed by disc 188, to the
release solenoid 196 to release push buttons which have
been operated. Release of the push button which has
been operated opens the control contacts thereof to re-
lease all of the relays 99, 100, 110, 170 and 180 so that
the control equipment is prepared for a second operation.

Energization of the transmitters at the base stations is
accomplished by direct current applied through the cir-
cuit connected to the base stations. As previously stated,
operation of the relay 100 causes contacts 103 thereof to
be closed to connect a direct current potential to the
secondary winding 125 of transformer 126. This is pro-
vided through the closed contacts 153 and 154 of switch
150 and from the adjustable tap 195 on potenticmeter
196 which is connected to the B plus potential. This

direct current potential operates to energize the con-

nected base station transmitter. When the switch 150
is moved to the F1 position, connection is made from
the tap 197 on resistor 196 through contacts 155 and con-
tact 163 of relay 109 to the winding 125. This provides
increased current of the same polarity over the control
‘When the switch 15¢ is pushed to the F2 position,
the potential from point 1927 is applied through contacts
156 to the secondary 125. However, in this instance the
contacts 151 and 152 are broken and the contacts 157
and 158 are closed to reverse the polarity of the direct
current potential to the lines connected to the base. sta-
tions. This potential of opposite polarity selects the
second frequency at the transmitter.

Key 175 in the C or clear position closes contacts 176
to energize relay 188 which starts the turnoff sequence
and energizes the release solenoid 1%90. In the T or
transmit position, key 175 closes contacts 177 which
short the contacts 91 of relay 90 to energize relays 160
and 101 to start the transmit sequence.

To provide speech transmission from the control sta-
tion, a plug 144 is provided for connection of a hand set,
and switch 145 makes connection to the plug 144 for
operation therethrough. Thé connection P/T is from
the push-to-taik switch on the hand set and operates relays
108 and 119 to initiate the transmitting operation. Termi-
nal M is for the microphone and terminal R is for the
receiver.  The swiich 145 includes a contact 146 for
applying the subcarrier signals from the oscillator 161
to the transmiiter as required for causing the relay sta-
tions to lock on. Contacts 147 and 148 connect the
signals from the microphone to the amplifier 42. Con-
tact 149 disconnects speaker 28 and provides a ground
to complete the circuit to the receiver connected to the
plug 144. Accordingly, by operation of the switch 148
the equipment may be conditioned to transmit and receive
speech.

Reference is now made to Fig. 4 which shows the
equipment at one base station together with the intercon-
nections required to the antenna and to the second base
stations. The input terminals 260 and 201 are connected
by a two-wire line to the terminals $3% and 132 of the
conirol station as shown in Fig. 3. Accordingly, the
signals will be applied across transformer windings 202
and 293 and the direct current will be developed across
condenser 204. The audio signals are applied from the
windings 202 and 203 to the windings 265 and 2€6 con-
nected to the receivers 31 and 32, and the transmitter

. 30 respectively,
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When the direct current applied is of such polarity that
the terminal 247 is positive with respect to terminal 208,
current will flow from termiral 207 through the rectifier
209 to the relay 218 and the relay 22 back to the
terminal 208. On the cther hand, when terminal 208
is positive with respect to terminal 207, current will flow
through the tectifier 228 and the winding 231 of relay
236 back to the terminal 207. As was previously stated,
the application of a small potential which is positive at
terminal 207 takes place in response to operation of relay
168 at the control station for energizing the transmitter.
A momentary current of larger amplitude is applied when
the frequency selector switch 150 at the control station
is in the position for selecting frequency No. 1, and a
current of the opposite polarity is applied when the key
is in a position for. selecting frequency No. 2. . The
smaller current of the first polarity is sufficient to op-
erate relay 228 but not to operate relay 218. The larger
current operates both relays so that when the large cur-
rent of one polarity is applied, relay. 218 is operated.
When the current of the opposite polarity is applied, relay
238 is energized.

Considering now the operation of the system, when the
transmit potential is applied, relay 220 is energized and
the contacts 221 thereof are closed for energizing relay
242. Relay 240 includes the contacts 241 which are
normally closed to connect the winding 285 through re-
sistor 250 to the audio output leads 251 and 252 respec-
tively of receivers 31 and 32. Accordingly, the winding
205 is normally connected to the receiver so that signals
received therefrom are applied through transformer wind-
ings 202 and 203 to terminals 206 and 261 which are
connected therefrom to the control station. -When relay
249 is energized, contacts 242 thereof are closed to make
a connection from the winding 206 through the level
control 253 to the audio input lead 255 of transmitter 3¢.
Relay 240 also includes contacts 244 which close to
ground the other side of the audio circuit. For ener-
gizing the transmitter 38, relay contacts 243 are provided
which apply a ground to the power supply of the trans-
mitter for energizing the same.

The transmit relay 228 also includes contacts 222
which short the coil of relay 268. The relay 260 is
normally deenergized but may be energized when com-
munication is provided through base station No. 2. A
relay 265 is shown in base station No. 2 which will be
closed when this station is selected.. This relay has
contacts 266 which when closed will energize the relay
268. The relay 26¢ has contacts 261 for holding the
same energized if operaticn takes place from base sta-
tion MNo. 2. However, if the relay 268 is energized, it
will be deenergized by the contacts 222 which short the
coil 60, and this will break the holding circuit also. Re-
lay 269 includes contacts 262 which when closed, ener-
gize the antenna changeover relay 270. This relay in-
cludes movable contact 271 connected to the antenna,
and fixed contacts 272 and 273 individually connected
to the transmister 3¢ of base station No. 1 and to the
corresponding transmitter of base station No. 2. In the
unenergized condition relay 278 connects the antenna 34
to the transmitter 38 of base station No. 1. If, however,
base station No. 2 and its relay 265 are energized, and
base station No. 1 is not operating, the relay 260 will
be energized and lock up to energize relay 270 so that
the antenna 34 is connected to the transmitter of base
station No. 2.

In the unenergized condition of velay 23¢, the contacts
2332 thereof apply B plus potential to receiver No. 1, and
the contacts 233 thereof apply ground to the oscillator No.
1 in transmitter 30. This sets up the equipment at base
station No. 1 for operation on the frequencies provided
by receiver No. 1 and the first oscillator in the transmit-
ter. When it is desired to operate on frequency No. 2, by
operation of the key 150 at the control station, the polarity
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of the control voltage is reversed and this energizes relay
230, as previously stated, to break the contacts 232 and
establish contacts 234. This applies B plus to receiver
No. 2. Similarly, contacts 233 are broken and contacts
235 are closed to provide a ground for oscillator No. 2.
This causes operation of the base station equipment at
the alternate frequency. Contacts 236 of relay 239 pro-
vide a holding circuit through the second coil 237 thereof
and which extends to the contacts 211 of relay 2i8. Ac-
cordingly, relay 230 is held in operation after once oper-
ated so that the equipment remains on the alternate fre-
quency. However, if the switch 158 is moved to the
position for providing the first frequency, relay 218 will
be energized to break contacts 211 thereof so that the
holding circuit through relay 230 is released and the relay
falls out. This will restore the system for operation on
the first frequency.

The transmitter 30 may have an antenna relay to se-
lectively connect the antenna to the transmitter when the
transmitter is energized and to normally ccnnect the an-
tenna to the receivers. This relay 275 has a movable
contact 276 connected to the fixed contact 272 of the relay
for transferring the antenna 36 from base station No. 1
10 base station No. 2. The movable contact 276 normally
engages contact 277 which is connected to the antenna
input circuit of the receivers No. 1 and No. 2, and when
the relay is energized, movable contact 276 engages con-
tact 278 which is coupled to the radio frequency output
of the transmitter.

In Fig. 5 there is shown more in detail the equipment
at a relay station. The circuits of the control unit 54 are
shown in detail and the connections thereof to the re-
ceivers 50 and 51, transmitters 52 and 53, and the second
control unit 55. As previously stated, the control unit
includes a timer which is designated generally as 280.
This includes a tube 281 and a relay 285. The relay 285
includes contacts 286 whch provide a ground for energiz-
ing the filaments of the receiver 59. The tube 281 inter-
mittently conducts to operate relay 285 and thereby inter-
mittently energize the receiver.

Considering now the operation of the timer, when the
relay 285 operates, and the contacts 287 are open, the con-
denser 282 will charge through the variable resistor 283
which controls the “on” time of the timer. The charging
current of the condenser, flowing through resistor 284,
provides a positive potential on the grid of tube 281 so
that the tube conducts to hold the relay 285 closed. After
condenser 282 charges to a predetermined value, the neon
tube 221 conducts to discharge condenser 282 through
resistor 284. Resistor 292 is shorted out by relay con-
tacts 288 at this time. This produces a negative voltage
on the grid of the tube 281 to block the tube and release
the relay. Release of the relay grounds the condense
282 through contact 287 so that the negative charge of the
condenser 282 is applied to the grid of the tube 281. This
holds the tube “off” until the capacitor charge is dissi-
pated. Resistor 282 is now operative to control the dis-
charge rate and may be adjusted to set the “off” time of
the timer.

To hold the receiver energized when a message is being
transmitted, a locking circuit is provided for the timer
which is connected to the audio output of the receiver 50.
The receiver output is applied to the resonant circuit in-
cluding condenser 295 and coil 296 which is tunad to the
subcarrier frequency such as 6 kilocycles. The selected
signal is applied to the grid of tube 36€-and is amplified
therein. The amplified signal is applied to the rectifier
301 and the resulting direct current potential is applied
back to the grid of the tube 388 through resistor 342 and
the coil 286. This voltage overcomes the negative bias
(—V) normally applied to the grid so that the tube con-
ducts heavily and causes operation of the relay 310 in
the plate circuit. Operation of the relay 319 closes con-
tacts- 311 which short the condenser 282 so that the tube
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281 remains conducting and the relay 285 remains ac-
tuated to hold the receiver energized. The relay 310 in-
cludes contact 312 which provides a ground for the power
supply 315 for energizing the filaments of the transmit-
ters. Relay 318 also includes contacts 313 which make a
connection from the carrier hold relay 320 to the grid of
the tube 390 to hold this tube highly conducting when the
carrier hold relay is energized.

It will be noted that the carrier hold relay 320 is ener-
gized by a connection 318 to the squelch circuit of the
receiver 59. When the relay 329 is actuated, B plus is
applied to the fixed contact 323 which is connected to the
contact 313 of relay 318 to hold the tube 300 conducting
as previously stated. This B plus connection also pro-
vides a voltage for charging condenser 326 which applies
a positive potential to the tube 309 to hold it conducting
for a period of time after the carrier hold relay 329 re-
leases.

Considering now the circuit for switching from one re-
ceiver to the other in response to tones applied to the
system, it will be noted that the control unit 54 includes
a tone selector 330 connected to the audio output of the
receiver 50. When the tone frequency to which selector
330 is responsive is received, the selector intermittently
grounds point 331 to discharge condenser 332. After this
condenser is discharged, it will be charged again from B
plus through relay 335 and the charging current will ener-
gize relay 335 to break contacts 336 and close contacts
337 and 338. Contacts 336 normally connect condenser
333 to B plus to charge the same. When the contacts 337
close, the charged condenser 333 is connected through
contacts 341 to the coil of relay 340, and through the
condenser 334 to the coil of relay 345.

It is to be pointed cut that the relays 340 and 345 are
interlocked through a magnetic circuit so that when one
relay is energized, the other is released and vice versa.
The operating coils are magnetically in series so that when
a coil is energized in one direction, it adds to the perma-
nent magnet at one relay armature and subtracts at the
other. Accordingly, the armature located in the strongest
field closes and remains in this position until the field
is reversed.

Accordingly, when condenser 333 is connected as
shown, it will discharge through the coil 340 with a por-
tion of the discharge current going through condenser
334 and coil 345. This will cause condenser 334 to
charge positive on the right side. As coil 340 has greater
current than coil 345, the relay will change positions to
open contacts 341 and 342 and close contacts 346 and
347. Opening of contacts 341 will remove the condenser
from coil 340 and apply it to coil 345. However, con-
denser 334 will be charged in such direction that the
potential from contact 346 through condenser 334 to coil
349 will be greater than the potential applied to coil 345.
Accordingly, the relay will not switch again but will re-
main in the operated position with contacts 341 and
342 open and 346 and 347 closed. On the next opera-
tion the charge from condenser 333 will be applied to
relay coil 345 to operate this and return the contacts to
the position shown in the drawings. :

Contacts 342 and 347 selectively connect the trans-
mitter power supply 315 selectively to the transmitters
52 and 53. When the relay is in the position shown, con-
tacts 342 establish the connection to transmitter 53.
However, when relay 345 is operated and contact 347
closed, the circuit will be established to the transmitter. 52.

Relay 335 also causes operation of the interlocked
relays including coils 356 and 355. This relay structure
may be identical to the relay structure including coils 340
and 345, with the relay changing positions depending
upon the differential current through the two coils. When
relay 335 closes contacts 338, B plus potential is ap-
plied to the coil 358. This operates the relay to close
the contacts 351 and 352. Contacts 351 make two con-
nections, providing ground through conductor 353 to
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the timer locking circuit to energize the same, and also
providing a ground to the parallel circuit including con-
denser 360 and resistor 361.

Relay 355 is connected in an interlocking circuit with
a similar relay 355q in the control unit 55. This relay
includes contacts 356 which when closed, connect re-
sistor 362 across condenser 360 to short the same. Re-
sistor 362 is of a much smaller value than resistor 361
so that resistor 361 discharges condenser 360 very slow-
ly and resistor 362 will discharge it much more rapidly.
Connection from the conductor 357 extending from the
contacts 356 goes to the control unit 55 and is con-
nected to the bottom side of the coil therein designated
3554. Similarly, the connection 358 from the bottom
of the coil 355 extends to the contact 356a of control unit
55 which is also connected to condenser 360a and re-
sistor 361a.

When relay 350 closes, relay 355 will open to break
contacts 356. Condenser 360 which is grounded by the
closing of contacts 351 will charge through the coil 3554
of control unit 355 to close the relay 3552 and open
the associated relay 350a at the control unit 55. This

“will close contacts 356a to short the condenser 3604 at

the station 55.° On the other hand, when relay 350a
closes at the control unit 55, relay 355z will release to
open contacts 3564 so that the condenser 360z will
charge through coil 355 to energize the same and return
the relay on the control unit 54 to the position illus-
trated in the drawings.

The function of the relay 350, 355 is to selectively
connect audio from one of the receivers to the trans-
mitters 52 and 53. This is accomplished through con-
tacts 352, Audio from the receiver 50 is applied through
potentiometer 365 to the contact 352 and when this
contact is closed, the audio is applied to the two trans-
mitters 52 and 53. Only one of these transmitters will be
energized depending upon the operation of the relays 340
and 345 just described. However, when relay 350 is re-
leased, and the relay 350q in the control unit 55 is ener-
gized, audio from the receiver 51 will be applied through

-the control unit 55 to the two transmitters 52 and 53.

One of these transmitters will be energized depending
upon the operation of the transmitter control relay in
the control unit 55. -

Summarizing the operation at a relay station, the two
receivers are both intermittently sampling.” When a car-
rier modulated by a 6 kilocycle tone is received at the
relay station, the tube 300 in only one of the control
units will be rendered conducting to operate its relay 319,
since the cathode of only one of these tubes will be
grounded through its relay 358. This will depend upon
the existing condition of the relays depending upon the
last selecting tone received at the relay station. The
transmitter power supplies are normally turned off and
only the power supply in a selected control unit is ener-
gized through the contacts 312 of the carrier relay of
this unit. This power supply will be connected either to
the transmitter 52 or the transmitter 53 depending upon
the condition of the relay 349, 345 of the selected con-
trol unit. Accordingly, receiver selection which takes
place by a response to the tones transmitted from the base
station is the fundamental control. The receivers are
interlocked so that only one can be operated at a time.
After receiver selection has taken place, transmitter selec-
tion is provided from the control unit associated with the
selected -receiver. Accordingly, very flexible utilization
of the equipment is provided.

In Fig. 6 there is shown more in detail the equipment
at the remote data stations, and particularly the control
circuits are illustrated. The output of the receiver 60 is
applied to the tone selector 63 and the pulse selector 64.
The timer 62 causes the receiver 69 to be intermittently
energized. This timer may be a circuit operated by the
charging time of a condenser as illustrated in the relay
station of Fig. 5.
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When the receiver is energized and the tone to which
a particular data station responds is received thereby, the
tone selector 63 will apply a potential to the relay 370
to energize the same. Contacts 371 of this relay apply
filament potential to the pulse selector 64 so that this
selector is operative. Contacts 372 apply a ground to
relay 380 for actuating the same. Relay 380 includes
contacts 381 which establish a holding circuit so that the
relay 380 remains energized after the tone is stopped.
Relay 378, of course, drops out when the tone ceases.

The relay 380 has a movable contact 382 which is
normally connected to contact 383 connected to the
timer 62. It is through this connection that the receiver
is normally energized as the timer 62 intermittently ap-
plies a ground fo the lead 383. When the relay 380 is
actuated, the contacts 382 thereof engage contacts 384
to apply a ground to this contact through the disc 391
of timer 390. Contacts 385 of the relay 3890 close when
the relay is actuated to start operation of the timer 4¢9.
This is a timer which operates after two minutes to
break the contacts 401 to release the relay 38¢.

When the system has responded to a tone and is in the
condition just described, pulsing of the subcarrier signal
from the base station causes operation of the pulse selec-
tor 64. The audio output from the receiver 60 is applied
across a tuned circuit 410 which emphasizes the 6 kilo-
cycle subcarrier. This is amplified in the tube 411 and
again in the tube 412. The output of tube 412 is recti-
fied by the diode 413 included in the tube 411. The
capacitor 414 is charged during the positive voltage peaks
and discharges through the relay 420 and through the
circuit including resistors 415, 416 and 417. The voltage
across resistor 417 prevides a negative bias on tube 412
so that the plate current is reduced to a small value.
Accordingly, when the pulses are absent, the biasing ac-
tion is absent and the relay 420 closes. When the sub-
carrier reappears, the biasing action is re-established and
the relay drops out. The relay does not operate when
the circuit is turned on since the tone is present before
the pulse selector is turned on.

Closing of the relay 42¢ closes contacts 421 to estab-
lish a ground to the motor winding 4390 of a stepping
switch. Accordingly as the relay 428 is pulsed by inter-
ruptions of the subcarrier wave, the stepping switch 430
operates in a step-by-step manner to cause the wipers
431, 432, and 433 and 434 at the various levels to be
moved from one contact to the next. - Since the subcar-
rier is turned off at the base station prior to the turning
off of the transmitter, an additional step is not provided
as the transmitter is turned off. This is because the relay
370 drops out before the transmitter is turned off, open-
ing contact 371 which removes filament voltage from
pulse selector circuit 64 thereby preventing any further
stepping of relay 436. As the relay 370 drops out, the
contacts 373 thereof close to provide a ground through the
now closed off normal contacts 435 of the stepping switch
to energize the timer 399.

Operation of the timer causes the disc 391 thereof to
open the ground connection to the terminals 384 of relay
380 to thereby deenergize the receiver 60, This ground
connection is then established through contact 395 to the
motor of the timer 389 to hold the motor energized. Disc
392 of the timer will after an interval provide a ground
to the relay 440 which starts the data transmission se-
quence. The relay 440 breaks contacts 441 thercof to
remove the potential source from the timers 320 and
400 so that these timers stop during the data transmis-
sion. Relay contacts 442 close a circuit to the data equip-
ments 65 to cause the selected one of these equipments to
operate. Contacts 443 provide a ground to the trans-
mitter 61 so that the transmitter is ready to transmit sig-
nals from the data equipment.

Information transmitted by the data equipment 65 will
depend upon the contact established through the stepping
switch levels 431, 432, 433 and 434. That is, depending
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upon the number of pulses in the movement of the step-
ping switch, various contacts will be established to the
data equipment and this will control the equipment which
is connected to the transmitter. At the close of the trans-
mission the selected data equipment 65 will provide a
ground to the relay 458. Relay 450 will therefore op-
erate to close contacts 451 to retain the ground through
the disc 393 of timer 390. Relay 458 also includes con-
tacts 452 for applying potential to the motors of timers
320 and 40¢ so that these timers will start operation again.
As the timer 390 operates, the disc 392 will move to
remove the ground from relay 440 so that this relay
drops out. Disc 383 will shortly thereafter remove the
ground from relay 459 and provide a ground to contact
394 which extends through the now closed off normal
contact 436 to_cause the stepping switch 430 to home
itself throughout operation of interrupter contacts 437.
When the timer 398 continues to its home position, it
breaks the holding ground connection established through
contact 395 and returns the ground to the receiver fila-
ment so that the receivers are again turned on.

The timer 460 was re-set at the beginning of the data
transmission period so that this timer will continue to
hold the receiver energized for a two-minute period. Ac-
cordingly, when the data station calls for a second data
program within this period, the operation of the data
will be continuous without requiring an additional initi-
ating cycle.

It is to be pointed out that provisions may be made at
the data station to provide audio communication over
the equipment. Although the data station may be nor-
mally unattended, for test or other purposes, an operator
at the remote point may desire to communicate over the
equipment. Since the receiver is capable of handling
audio modulation, it is merely necessary to provide re-
ceiving means together with means for holding the re-
ceiver energized, and similarly the transmitter may trans-
mit audio back to the base station by provision of means
for holding the transmitter energized. To simplify the
illustration, such provisions are not illustrated but are
within the province of those skilled in the art. In order
to initiate operation through a relay station it will be
necessary to provide a subcarrier oscillator at the data
station as the relay stations are rendered operative only
when the subcarrier frequency is applied thereto. A
simple six kilocycle oscillator may be provided for this
purpose.

It is therefore seen that there is provided a radio com-
munication system for obtaining information from re-
mote points. Operators are not required at the remote sta-
tions and relay stations and the equipment thereat is
quite simple. The system is entirely under the control
of a central operatcr who may operate controls posi-
tioned remote from the base radio station and connected
thereto by a single pair wire line.

By energization of the relay and data equipment only
intermittently, power is conserved so that small self-
contained batteries may provide continued operation over
a long period of time.~ The power requirements are
further minimized by the use of relay stations so that
relatively long distances may be covered by low power
equipment. Of course, when large distances are not in-
volved, the relay stations can be omitted, and it may be
desirable in some systems-to provide communication
with some data stations directly from the base station,
and with other data stations through one or more relay
stations. By the provision of spare units which may be
switched in under control of the operator the loss of
service through equipment failure is minimized.

Although one embodiment of the invention has been
described which is illustrative thereof, it is obvious that
various changes and modifications can be made therein
within the intended scope of the invention as defined by
the appended claims.
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I claim:

1. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, a relay station, and a plurality
of data stations at said remote points, said central sta-
tion including radio transmitting means adapted to trans-
mit a carrier wave modulated by a subcarrier wave, means
for modulating said subcarrier wave by different tone
signals to identify the various data stations; and means
for modulating said subcarrier wave by pulses to identify
a particular item of data, said relay station including radio
receiving and transmitting means adapted to restransmit
signals received thereby and a self-contained power
source, said radio receiving means at said relay station
being- normally energized only periodically to conserve
said power source and held energized in response to
réception of 4 carrier Wave, said data stations each if-
cluding radio receiving means, radio transmitting means,
a self-contained power source, and a plurality of data
devices producing signals in accordance with data meas-
ured, said radio receiving means at said data stations
being normally energized only periodically to conserve
said power source thereof and held energized in response
to reception of a subcarrier wave modulated by a par-
ticular tone signal, and means at said data stations oper-
ating when each station is energized and responding to
pulse modulation of said subcarrier wave to select a par-
ticular data device and applying signals therefrom to
said radio transmitting means at said data station, said
radio transmitting means at said data station transmitting
a carrier wave modulated by signals from said data de-
vices, said relay station receiving carrier waves  trans-
mitted by said data stations and transmitting a carrier
wave to thereby relay signals from said data stations,
and said central station including receiver means for re-
ceiving from said relay station carrier waves including
signals which originate at said data stations.

2. A system for selectively collecting various items of
remote points including in combination, a central station,
a relay station, and a plurality of data stations, said
central station including radio transmitting means adapted
to transmit a carrier wave modulated by a subcarrier
wave, means for modulating said subcarrier wave by a
tone to identify a desired data station, and means for
interrupting said subcarrier wave a predetermined num-
ber of times to identify a particular item of data, said
relay station including radio receiving and transmitting
means and being adapted to relay signals received thereby,
said radio receiving means at said relay station being
normally energized only periodically, means at said relay
station activated in response to reception of said carrier
wave modulated by said subcarrier wave to energize said
radio receiving means and hold the same energized as
long as a carrier wave is received at said relay station,
said data stations including radio receiving means and
radio transmitting means, said radio receiving means at
said data stations being normally energized only periodi-
cally and held energized for a predetermined period of
time in response to reception of a subcarfier wave modu-
lated by a particular tone, said data station including a
plurality of data measuring devices and means responding
to the number of interruptions of said subcarrier wave for
selecting a particular data measuring device, said trans-
mitting means at said data station transmitting a carrier
wave including signals representing the reading of the
selected device, said relay station receiving the carrier
waves transmitted by said data stations and transmitting a
carrier wave for relaying signals from said data stations,
and said central station including receiver means for re-
ceiving the carrier wave from said relay station including
signals which originate at said data stations.

3. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a control station, a base station, a relay station,
and a plurality of data stations at said remote points, said
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base station including radio transmitting means adapted
to transmit a carrier wave modulated by a subcarrier
wave, means for modulating said subcarrier wave by
different tone signals to identify the various data stations,
and means for modulating said subcarrier wave by pulses
to identify a particular item of data, said relay station
including radio receiving and transmitting means adapted
to relay signals received thereby, said data stations in-
cluding radio receiving means, radio transmitting means, a
plurality of data measuring devices producing signals in
accordance with the data measured; first selecting means
operating to select the data station in response to recep-
tion of a subcarrier wave modulated by a particular tone
signal, and second selecting means operating when a
station is selected and responding to pulse modulation
of said subcarrier wave for selecting a particular data

" measuring device and applying signals therefrom to said

transmitting means at said data station, said relay station
relaying signals transmitted by said data stations, said
base station including receiver means for réeceiving from
said relay station signals which originate at said data sta-
tions, and means interconnecting said control station and
said base station for control of said system by said control
station and for applying signals from said data stations to
said control station.

4. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, a relay station, and a plu-
rality of data stations at said remote points, said central
station including radic transmitting. means adapted to
transmit a carrier wave modulated by a subcarrier wave,
means for modulating said subcarrier wave by different
tone signals to identify the various data stations, and
means for further modulating said subcarrier wave to
identify a particular item of data, said relay station in-
cluding first and second radio receiving means and first
and second radio transmitting means adapted to relay
signals received thereby, selector means at said relay
station responsive to tone signals from said central sta-
tion for selectively energizing said radio receiving means

“and said radio transmitting means thereat, said data sta-

tions including radio receiving means, radio transmitting
means, a plurality of data devices producing signals in
accordance with data measured, first selecting means

‘operating to select the data station in response to recep-

tion of a subcarrier wave modulated by a particular tone
signal, and second selecting means operating when a sta-
tion is selected and responding to further modulation of
said subcarrier wave for selecting a particular data device
and applying signals therefrom to said transmitting means
at said data station, said relay station relaying signals
transmitted by said data stations, said central station
including receiver means for receiving from said relay sta-
tion signals which originate at said data stations.

5. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, and a plurality of data sta-
tions at said remote points, said central station including
radio transmitting means adapted to transmit a carrier
wave modulated by a subcarrier wave, means for modu-
lating said subcarrier wave by a signal including at least
one tone to identify a desired data station, and means
for modulating said subcarrier wave by pulses to identify
a particular item of data, said data stations including
radio receiving means, a self-contained power source,
radio transmitting means, a plurality of data measuring

“devices producing signals in accordance with the data

measured, said receiving means being normally intermit-
tently energized for relatively short periods of time to
conserve said power source, first selecting. means oper-
ating to emergize the data station for a relatively long
period of time in response to reception of a subcarrier
wave modulated by a particular tone signal, and second
selecting means operating when a station is energized




and responding to pulse modulation of said subcarrier
wave for selecting a particular data measuring device
and applying signals therefrom to said transmitting means
at said data station, and said central station including
receiver means for receiving signals originating at said
data stations.

6. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, and a plurality of data sta-
tions at said remote points, said central station including
radio transmitting means adapted to transmit a carrier
wave modulated by a subcarrier wave and receiver means
for receiving signals which originate at said data sta-
tions, means for modulating said subcarrier wave by a
signal including at least one tone to identify a desired
data station, said data stations including radio receiving
means, radio transmitting means, a plurality of data
devices producing signals in accordance with data meas-
ured, first selecting means operating to select the data
station in response to reception of a subcarrier wave
modulated by a particular tone signal, said radio receiv-
ing means being intermittently energized for short periods
of time and being held energized for a predetermined
period in response to selection of a subcarrier wave modu-
lated by a particular tone signal by said first selecting
means, said central station including means indicating
that the selected data station radio receiving means is
held energized and including means for further modu-
lating said subcarrier wave to identify a particular item
of data and for transmitting the modulated subcarrier
wave to said data station, said data station including sec-
ond selecting means operating when the station is selected
and responding to further modulation of said subcarrier
wave for selecting a particular data device and for trans-
mitting signals therefrom from said data station to said
central station.

7. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, and a plurality of data sta-
tions at said remote points, said central station including
radio transmitting means adapted to transmit a carrier
wave modulated by a subcarrier wave, means for ampli-
tude modulating said subcarrier wave by a signal includ-
ing at least one tone to identify a desired data station,
and means for interrupting said subcarrier wave a num-
ber of times to identify a particular item cf data, said
data stations including radio receiving means, radio
transmitting meaus, a plurality of data measuring devices
producing signals in accordance with the data measured,
first selecting means responsive to the modulation of said
subcarrier wave and operating to select the data station
in response to a particular modulating tone signal, and
second selecting means operating when a station is selected
and responding to interruption of said subcarrier wave
for selecting a particular data measuring device in accord-
ance with the number of interruptions of said subcarrier
wave, said selected measuring device applying signals to
said transmitting means at said data station for trans-
mission thereby, and said central station including receiver
means for receiving signals which originate at said data
stations.

8. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a central station, and a plurality of data sta-
tions at said remote points; said central station includ-
ing means for producing a subcarrier wave and for se-
lectively modulating said subcarrier wave by different
tone signals to identify the various data stations, means
for further modulating said subcarrier wave to identify
a particular item of data, radio transmitting means for
transmitting carrier waves of first and second frequencies
medulated by said subcarrier wave, first and second re-
ceiver means operating at said first and second frequen-
cies respectively for receiving signals originating from

2,864,043

(23

20

30

35

40

45

50

: - 18

said data stations, said data stations being in first and
second groups for operation in response to operation of
said central stations at said iirst and second frequencies
respectively, each of said data stations including radio
receiving means, radio transmitting means, a plurality
of data devices producing signals in accordance with
data measured, first.selecting means operating to select
the data station in response to reception of a sub-carrier
wave modulated by a particular tone signal, and second
selecting means operating when a station is selected and
responding to further modulation of said subcarrier wave
for selecting a particular data device and applying sig-
nals therefrom fo said transmitting means at said data
station.

9. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a control station, a base station, and a plurality
of data stations at said remote points; said control sta-
tion including means for producing a subcarrier wave
and for selectively modulating the same by different tone
signals to identify the various data stations, and means
for further modulating said subcarrier wave to identify
a particular item of data; said base station including
radio transmitting and receiving means; and means inter-
connecting said control station and sajd base station for
selectively - energizing said..transmitting means at said
base station, and for applying said modulated subcarrier

-wave thereto; said data stations including radio receiv-

ing means, radio transmitting means, a plurality of data
measuring devices producing signals in accordance with
the data measured, first selecting means operating to
select the data station in response to reception of a sub-
carrier wave modulated by a particular tone signal, and
second selecting means operating when a station is se-
lected and responding to pulse modulation of said sub-
carrier wave for selecting a particular data measuring
device and applying signals therefrom to said trans-
mitting means at said data station for transmission
thereby. :

10. A system for selectively collecting various items of
data from a plurality of remote points including in com-
bination, a control station, a plurality of base statioms,
a plurality of relay stations, a plurality of data stations
at said remote points, each of said base stations includ-
ing radio transmitting means for transmitting modulated
carrier waves of first and second frequencies and first and
second receiver means operating at said first and second
frequencies, said control station including means for
producing a subcarrier wave and for modulating said
subcarrier wave by different tone signals to identify the
various data stations, and means for modulating said
sub-carrier wave by pulses to identify a particular item
of data, and means for selectively interconnecting said
control station and said base stations for applying signals
to a selected base station for -energizing the transmitter
and selecting the frequency at such base stations, and.
for applying the modulated subcarrier wave thereto for
radio transmission therefrom; said data stations includ-
ing radio receiving means, radio transmitting means, a
plurality of data measuring devices producing signals in
accordance with the data measured, first selecting means
operating to select the data station in response to recep-
tion of a subcarrier wave modulated by a particular tone
signal, and second selecting means operating when a sta-
tion is selected and responding to pulse modulation of
said subcarrier wave for selecting a particular data meas-
uring device and applying signals therefrom to said trans-
mitting means at said data station, each of said relay
stations including radio receiving and transmitting means
adapted to relay signals from said base stations to said
data stations and from said data stations to said base
stations.

11. A system for selectively collecting various items
of data from a plurality of remote points including in
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combination, a control station, a plurality. of base sta-
tions, a plurality- of relay- stations, ‘a plurality ~of data
stations at said remote points; each  of said base-stations
including radio transmitting means for transmitting mod-
ulated carrier waves of first-and ‘second frequencies mod-
ulated by a-subcarrier wave, and first and second receiver
means operating ‘at said ‘first and second:frequencies; said
control station including means for producing a sub-
carrier -wave and for modulating said subcarrier-wave by
different tone-signals-to identify the various data stations,
and means for further modulating said subcarrier wave
to identify a particular-item of data; and means for se-

lectively interconnecting 'said control -station and. said’

base- stations for applying signals to a selected base sta-
tion for energizing the transmitter and selecting the fre-
quency at such base stations, and for applying the modu-
lated subcarrier wave thereto; said data stations being
first-and second groups:for operation in response to oper-
ations- of ‘said- base stations- at said first and second fre-
quencies- respectively, each of said data stations includ-
ing radio- receiving means, radio transmitting means, a
plurality -of data measuring- devices producing signals in
accordance-with the data measured; first selecting means
operating to select the data station in response to recep-

tion' of a subcarrier wave- modulated by a particular

tone signal; and- second-selecting means operating: when
a station is selected- and responding to said further mod-
ulation-of :said -subcarrier ‘wave for selecting a particular
data measuring-device- and-applying signals therefrom to
said - transmitting -means at said ‘ data station; said relay
stations being iir first-and second groups for operations
with said first and-second- groups of data stations, each
of said relay stations including radio-receiving and trans-
mitting means and adapted to-relay signals from said base
stations ‘to- said -data stations and from said data stations
to said base stations: _

12. A system for-selectively- collecting various items
of data from a plurality- of ‘remote -points including. in
combination, a centrol-station; a- plurality of ‘base sta-
tions, a plurality of relay stations, and a plurality of data
stations - at- said remete- points; said control " station in-
cluding means for producing a subcarrier wave, means
for producing tones. of -different -frequencies, means for
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selecting a predetermined tone and for modulatmg said
subcarrier- wave thereby; means for further:modulating-
said ' subcarrier-wave: by pulses; each of _saldr base sta-
tions including radio transmitting-means adapted toitrans:
mit ‘carrier waves of first and-second frequencies modu+
lated by said- modulated:subcarrier- wave, and first and
second receiver means operating at said first and second-
frequencies respectively; and means interconnecting said
control station and said base stations -for selectively con:
necting  one of said base stations, for selecting the fre-
quency of the connected base stations, for -selectively en-
ergizing the transmitter thereof, and for applying said
modulated- subcarrier wave thereto; each of said relay
stations including first and second radic receiving means
and first and second radio transmitting means operating
at one-of said carrier wave frequencies and adapted to
relay signais received- thereby, means- at said.relay sta-
tion' responsive_to' tone- modulation of the: received sub-
carrier wave for selectively energizing one. of said re-
ceiving means and-one of ‘said transmitting means; each
of -said data stations: including radic receiving means,
radio transmiiting aeans, a plurality of data measuring
devices producing signals in accordance. with the data
measured, first selecting ‘means operating to select the
data station in-response to reception of.a subcarrier wave
modulated by a particular tone, and second. selecting
means operating when .a station is selected and respond-
ing to pulse modulation of said subcarrier wave for se-
lecting ‘a particular' data measuring device and applying
signals therefrom to said transmitting means at said data
station; said relay. stations. relaying signals between said
base stations-and said data stations.
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